Artemisia vulgaris L. was collected from various regions in the USA and Montreal Canada. Gas Chromatography-Mass Spectrometry was used to identify the analytes present in the volatiles extracted by headspace solid-phase microextraction of the crushed leaves and flowers. Four distinct chemotypes are were found: One featuring the coexistence of ar-curcumene and α-zingiberene; two marked by the presence or absence of thujone and santolinatriene; and a fourth characterized by the presence of crysanthenyl acetate (40%). DNA was used to confirm the identity of Artemisia vulgaris L.
Introduction
Chemotypes are chemically characterized parts of a population of morphologically indistinguishable individuals [1] . They are often defined by the most abundant chemical or chemicals produced by a plant species [1] . Examples include Origanum vulgare L. [2] ; Thymus pulegioides L. [3] ; Seriphidium kurramense [4] ; and Artemisia judaica L. [5] . In fact based on chemical composition at least nine different chemotypes have been recognized for Artemisia absinthium [6, 7] . The existence of multiple chemotypes of Artemisia vulgaris L. however, seems to have escaped attention [8, 9] .
The present study reports the existence of four chemotypes of Artemisia vulgaris L. based on the composition of plant volatiles.
The identity of Artemisia vulgaris L. can be confirmed morphologically [10] , however identification is difficult if only parts of a plant are available for classification. Recent advances in DNA sequencing have resulted in the ability to assign species identity even if only small amounts of tissue are used.
In this study we utilize DNA barcoding for the genes matK and rbcL [11, 12] , linking molecular species identity with chemotyping of essential oils.
Materials and Methods

Plant Material
Leaves of Artemisia vulgaris L. were collected from June of 2011 through October 2012 from various locations in North Eastern Pennsylvania; Woodbridge New Jersey; Wilmington, Delaware and Montreal Canada. The plants were identified using DNA sequencing and morphological characteristics as follows.
DNA was isolated from fresh leaf tissue using a PowerPlant DNA Isolation Kit and the manufacturer's recommended procedure (www.mobio.com). DNA was quantified using a spectrophotometer and stored at -20 o C until amplification. Using primers the regions of the genome encoding for matK and rbcL were amplified in a PCR reaction containing 100 ng of total plant DNA. The procedure outlined was based on the DNA barcode of land plants established by the CBOL Plant Working Group [13] . The quality of PCR amplification products was established using agarose electrophoresis. Amplicons were sequenced in both directions using a Sanger procedure at the Penn State Nucleic Acid Facility using the amplification primers. Consensus sequences were examined using blastn analysis against the Genbank nr database. The DNA sequences for both matK and rbcL were identical between specimens collected at all locations. Voucher sequences were deposited in the GenBank database for matK (accession KC870883) and rbcL (accession KC870884). All chemotypes analyzed were identical to the voucher sequences submitted to Genbank.
Gas Chromatography-Mass Spectrometry (GCMS)
GCMS analysis of the plant volatiles was performed using an Agilent 7890A gas chromatograph with a 5975C mass selective detector from the same company. Volatile analyte separation was affected using two different fused silica capillary columns ( 
Headspace Solid Phase Microextraction (HS-SPME)
Leaves from each sample were collected, crushed and four grams introduced into 20 mL glass vials with screw caps (Gerstel, Inc. USA). Artemisia vulgaris volatiles were extracted using an MPS autosampler (Gerstel, Inc. USA) equipped with Car/DVB/PDMS 23 GA SPME fiber (Supelco, Bellefonte, PA, USA). Extraction time was set for 15.0 min at room temperature. Desorption (5.0 min), took place in the GC injection port operating in split mode (1:20) at a temperature of 250˚C. Conditions regarding the fiber choice, absorption time, and desorption time were chosen based on published data for the genus Artemisia and plant volatile analysis in general. [14] [15] [16] .
Identification of Ar-Curcumene
An Agilent 7890A GC equipped with an LTM series II external oven was used for ar-curcumene analysis. A DB1 column was used for the first dimension (30 m × 0.25 mm i.d., film thickness 0.25 µm) and a CyclosilB (30 m × 0.25 mm i.d., film thickness 0.25 µm) for the 2 nd dimension. The volume injected was 1.0µl (0.1% solution in methanol), with a split ratio of 1:20. ar-Curcumene was heart cut from the DB1 column to the CyclosilB column, followed by back flushing. Synthetic RScurcumene was used as a standard to confirm the identity of curcumene in Artemisia vulgaris L. Samples of Curcuma zanthorrhiza (The Herbarie at Stoney Hill Farm, Prosperity, SC 29127) and Zinger officinal (Newdirectionsaromatics, Mississauga, Canada L5T 2G9) were used to provide additional confirmation as Curcuma zanthorrhiza contains only R(-)-curcumene and Zinger officinal contains only S(+)-curcumene [17] . Mass spectra were obtained by electron ionization at 70 eV (ion source 150˚C; quad. 230˚C; transfer line 250˚C). Table 1 lists the chemical composition obtained by Gas Chromatography Mass Spectrometry analysis of the volatiles from fresh leaves, of Artemisia vulgaris L. harvested from Wilmington, Delaware USA, in July of 2012. Quantitative data were obtained from total ion current (TIC) area percentages without the use of internal standards. This method has been used previously to quantify the compositions of essential oils [18, 19] . Samples were collected from two populations of the plant growing in the same area, but separated by a distance of only a few meters, ensuring identical geographical and environmental influence. As can be seen in Table 1 there are some major differences between these two chemotypes (Chemotype A and Chemotype B) most significantly with respect to santolinatriene, and thujone. Samples of Artemisia vulgaris L. collected from Woodbridge New Jersey in September of 2011 provided another source for chemotype B. It is possible that the chemotpe B may also be found outside of the USA, although not ascribed as such. For example the thujone content of Artemisia vulgaris oil from Montpellier Cedex, France was reported as 40% [20] ; Serbia, 13.5% [21] ; Nilgiri Hills and Lucknow India 56% [22] and 11% [23] respectively.
Results and Discussion
Another example of an Artemisia vulgaris L. chemotype is characterized by the presence of varying amounts of α-zingiberene and ar-curcumene. The presence of these analytes in Artemisia vulgaris L. has been previously reported, however the possibility of a chemotype was not addressed [24] . This chemotype is not confined to plants from a specific location as can be seen from Table 2 . Their concentrations were however influenced by time of harvest as shown in Table 3 . The analytes, characterizing this chemotype, have not been reported for regions outside of the USA. ar-Curcumene is especially interesting in that the R(-)-enantiomer is used by tomato plants as a defense against white flies [25, 26] . The arcurcumene present in this Artemisia vulgaris L. chemotype is also the R(-)-enantiomer. [27] and as the alcohol in samples from Croatia [28] . We suspect that these represent the same chemotype as that from Montreal. The alcohol originates from hydrolysis of the ester during hydrodistillation [27] .
